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DOWNLINK BEAMFORMING APPARATUS

IN OFDMA SYSTEM AND TRANSMISSION
APPARATUS INCLUDING THE SAME

PRIORITY 5

This application claims priority to Korean Patent Applica-
tion No. 10-2005-0121332 filed in the Korean Intellectual

Property Oflice on Dec. 10, 2005, the contents of which are
incorporated herein by reference
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to an Orthogonal

Frequency Division Multiplex Access (OFDMA) system, and
more particularly, to a downlink beamforming apparatus and
a transmission apparatus icluding the same.

2. Description of the Related Art 20

An OFDMA system needs to adopt transmission tech-
niques for beamforming and diversity using multiple anten-

nas i order to improve performance and capacity of the
OFDMA system.

Beamiorming and diversity are defined in the wireless
access standard, such as IEEE 802.16e Wireless L.ocal Area
Network (WLAN) OFDMA PHY, in order to extend cell
coverage by improving a link budget of the OFDMA system
because the Adaptive Array System (AAS) technique 1s
applied to a system including one terminal antenna.

15

25

30

An uplink channel sounding signal 1s defined 1n a transmit-
ting apparatus of an OFDMA/Time Division Duplex (TDD)
system applying beamforming transmission in order for a
base station to measure and convert measured uplink channel
information into prospective downlink channel reaction. In
addition, a terminal periodically transmaits a sounding signal
in order to support prediction of a downlink channel under a
mobile environment.

35

A base station can measure uplink channel information by 44
using uplink channel sounding information and reciprocity of
a TDD system, and obtain a weigh value for downlink beam-
forming by using the uplink channel information so as to form
a downlink beam pattern. An apparatus for transmlttmg
beamfermmg applied to an OFDM TDMA system in IEEE 45
802.11a 1s described in US Patent Publication No. 2005/
0078763, entitled “Apparatus and Method of Multiple
Antenna Transmitter Beamforming of High Data Rate Wide-
band Packetized Wireless Communication Signals™.

Although many users of the OFDMA system simulta- 50
neously share subcarriers used for the OFDMA system,
uplink/downlink users for the same frame may not always be
scheduled 1dentically. Accordingly, uplink channel informa-
tion needs to be detected by each user and each antenna, and
then stored at a buffer in order to be applied to a downlink 55
transmit frame that 1s consecutive to the uplink channel infor-
mation. When the uplink channel information 1s directly
applied to a downlink, a weight value may be selectively
multiplied by each user because a downlink transmaitter allo-
cates subcarriers by each user according to the OFDMA 60
system. However, when an uplink frame recerves information
for N_ users, a beamforming weight value needs to be stored
ata buffer of which asizeis asmuchas N, xKxN x2xN _ . in
order for the information received by the uplink frame to be
applied to the downlink frame consecutive to the uplink 65
frame. N _ denotes the number of antennas of the base station,

2 denotes I/Q (In phase/Quadrature phase) channel, N

mused

2

denotes the number of subcarriers used for one symbol of
OFDM system, and K denotes word length representing
channel information.

However, since K 1s generally a large amount, hardware
complexity of a beamforming apparatus undesirably tends to
Increase.

SUMMARY OF THE INVENTION

The present invention has been made to provide a downlink
beamiorming apparatus in an OFDMA system and a trans-
mission apparatus including the same, for reducing power
consumption by minimizing hardware complexity and pro-
viding an eificient structure of the downlink beamforming
apparatus.

A downlink beamforming apparatus of an OFDMA system
according to one exemplary embodiment of the present inven-
tion includes a subcarrier based user identifier for dividing
subcarriers according to users, a beamforming weight butfer
for storing first beamiorming weights for subcarriers by each
transmitting antenna, an interpolator for outputting second
beamiorming weights for each transmitting antenna by inter-
polating the first beamforming weights outputted by the
beamiorming weight butler, a signal reproducer for copying
the signal at least once to reproduce the signal for each trans-
mitting antenna, wherein subcarriers are allocated to the sig-
nal by each user, and a complex multiplier for multiplying the
signal for each transmitting antenna outputted from the signal
reproducer and the second beamforming weights for each
transmitting antenna outputted from the interpolator.

A downlink transmitting apparatus of an OFDMA system
according to another exemplary embodiment of the present
invention includes a subcarrier allocator for allocating sub-
carriers to a transmitting signal by each user, a downlink
beamforming apparatus for storing first beamiorming
weights of subcarriers by each transmitting antenna, and
copying the transmitting signal at least once to reproduce the
transmitting signal for each transmitting antenna, identifying
users of the subcarriers allocated by the subcarrier allocator,
and obtaining second beamiorming weights for the subcarri-
ers allocated to each user from the first beamforming weights
corresponding to the identified users, and multiplying the
second beamforming weights and the transmitting signal for
cach transmitting antenna, and an Inverse Fast Fourier Trans-
tform (IFFT) unit for performing an IFFT for the transmitting
signal for each transmitting antenna outputted from the down-
link beamforming apparatus.

According to yet another exemplary embodiment of the
present invention, provided i1s a downlink beamiorming
method including allocating subcarriers to a first transmitting
signal by each user, storing first beamforming weights for
subcarriers by each of transmitting antennas, identiiying
users to which the subcarriers are allocated, obtaining second
beamiorming weights for the allocated subcarriers from the
first beamforming weights corresponding to the identified
users, and multiplying the second beamforming weights and
second transmitting signals for the transmitting antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages ol the
present invention will become more apparent from the fol-
lowing detailed description when taken 1n conjunction with
the accompanying drawings in which:

FIG. 11llustrates a transmitting apparatus of a conventional
OFDMA system, to which the present invention 1s applied;
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FIG. 2 illustrates a subcarrier structure of a channel sound-
ing in order to obtain uplink channel information 1n a con-
ventional OFDMA transmitting apparatus;

FIG. 3 illustrates a structure of a beamforming weight
buffer used for a downlink beamforming apparatus of an
OFDMA system according to an exemplary embodiment of
the present invention; and

FIG. 4 illustrates a transmitting apparatus of an OFDMA

system according to an exemplary embodiment of the present
ivention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will here-
inafter be described in detail with reference to the accompa-
nying drawings. Like reference numerals designate like ele-
ments throughout the specification. In the following
description, well-known functions or constructions are not
described 1n detail for the sake of clarity and conciseness.

A downlink beamiforming apparatus according to the
present invention forms a beam pattern by using antenna

array in order to supply subscribers with appropriate signal
quality 1n an OFDMA system.

FI1G. 1 1llustrates a transmitting apparatus of a conventional
OFDMA system, to which the present invention 1s applied.

As shown 1n FIG. 1, a conventional transmitting apparatus
(within the dotted lines 1mn FIG. 1) includes a modulation
mapper 102, subcarrier allocator 103, signal reproducer 103,
IFFT unit 106, Cyclic Prefix (CP) inserting unit 107 and filter
108.

An input signal to the transmitting apparatus inputs into the
modulation mapper 102 by a burst unit for data arrangement
by an OFDMA symbol unit, and 1s mapped according to a
modulation scheme, such as Quadrature Phase Shift Key
(QPSK), 16 Quadrature Amplitude Modulation (QAM) and
64 QAM. The subcarrier allocator 103 allocates subcarrier by
cach user to such mapped signal according to a subcarrier
allocation algorithm. Subsequently, the IFFT unit 106 per-
torms IFFT for the mapped signal by an OFDM symbol unit,
and CP 1s added to the signal while passing the CP 1nserting
unit 107. The signal filtered 1n the filter 108 1s transmuitted as
a downlink transmitting signal.

A downlink beamforming apparatus forms transmitting
beam by using a beamforming weight value of each antenna,
wherein the beamforming weight value 1s obtained by using
downlink channel information already known to a base sta-
tion. A Time-Division-Duplex (TDD) system obtains the
beamforming weight value when uplink channel information
from a base station 1s used as a downlink channel estimate by
applying channel reciprocity.

In addition, a downlink beamforming apparatus may form
a beam pattern by multiplying the weight value for each user
in a front or rear terminal of the IFFT unit. When 1t1s assumed
that the uplink channel information estimated at a frequency
domain may supply the downlink beamforming apparatus,

the weight value for each user 1s multiplied 1n the front ter-
minal of the IFFT unit 106.

The downlink beamforming apparatus according to an
exemplary embodiment of the present invention additionally
includes the user base weight value unit 104 and signal repro-
ducer 105 before the IFFT unit 106 so as to multiply the
weight value for each user by each antenna. Subsequently, the
signal reproducer 1035 copies signals as many as the number
of the antennas (N ) so as to be applied as input signals of the
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IFFT units 106 and 109. Consequently, the signal combining
all the N transmitting signals 1s applied as the receiving
signal of the terminal.

FIG. 2 1llustrates a subcarrier structure of a channel sound-
ing 1n order to obtain uplink channel mnformation in a con-
ventional OFDMA transmitting apparatus.

As shown 1n FIG. 2, a downlink Optimal BeamForming
(OBF) scheme may obtain performance gain by maximizing
instantaneous recerving Signal-to-Noise Ratio (SNR) by
using four base station antennas of the system that also
includes one terminal antenna.

The base station obtains uplink channel information by
cach user by using channel sounding information that 1s regu-
larly transmitted at the terminal. The channel sounding signal
uses 864 subcarriers that are dividedly used by each user.
When the maximum number of users that are simultaneously
received on the uplink 1s N_, the users may transmit a channel
sounding subcarrier and the base station may estimate the
channel by using the channel sounding subcarrier. In addi-
tion, the beamiorming weight value by each user 1s necessary
tor applying the beamforming weight value to users transmiut-
ted to the downlink. Accordingly, when the uplink channel
information 1s obtained, the channel information regarding all
subcarriers by each user needs to be stored at a butfer.

FIG. 3 illustrates a beamforming weight buffer in an
OFDMA system according to an exemplary embodiment of
the present invention.

Generally, a downlink beamforming apparatus requires a
butler storing the beamforming weight value by each antenna
and each subcarrier, wherein the size of the butter needs to be
several times of N that 1s the maximum number of users that
are simultaneously received on the uplink. In addition, when
it 1s assumed that the beamforming weight value 1s K bit, the
s1ze of the buller needs to be as set forth by the following
Equation (1).

KxN, xN_x2xN (1)

denotes 864, and “2”

1i52ed

In Equation (1), N_ denotes 4, N
denotes an I/QQ channel.

In addition, the butfer size N of the IFFT may be 1024, and
K may be 14. Since the size of the butfer used in the downlink
beamiorming apparatus can be increased due to a large value
for K, hardware complexity of a beamiorming apparatus can
also be increased.

Therefore, as shown 1n FIG. 3, a downlink beamforming
apparatus according to the exemplary embodiment of the
present invention obtains channel information on the uplink
by each antenna, and the builer stores channel information
that 1s obtained by each subcarrier rather than by each user. In
addition, when the beamforming weight value 1s multiplied 1n
transmitting downlink beam, the weight value by each user 1s
used therein. Consequently, the size of the buffer for storing
data can be reduced as set forth by the following Equation (2).

(2)

Comparing Equation 2 with Equation 1, the size of the
butlter 1s reduced as much as N times.

FIG. 4 1llustrates a transmitting apparatus including a
downlink beamforming apparatus according to an exemplary
embodiment of the present invention, wherein the beamform-
ing weight buffer has the size as set forth by Equation 2.

Generally, channel information regarding an unused sub-
carrier among subcarriers of the corresponding user can be
obtained by an interpolation method by using two adjacent
subcarriers mcluded in the corresponding user 1in order to
obtain channel imformation by each user in the uplink
receiver. Accordingly, processes performed in an uplink

rsed

KxN_ x2xN

1ised
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receiver ol the downlink beamforming apparatus according to
the exemplary embodiment of the present invention are per-
formed 1n a downlink transmitter thereof.

As shown in FIG. 4, the transmitting apparatus in the
OFDMA system according to the exemplary embodiment of
the present 1invention includes a subcarrier allocator 210, a
downlink beamiorming apparatus 220 and an IFFT unit 230.

The subcarrier allocator 210 allocates subcarriers by each
user to transmitting signals.

The downlink beamforming apparatus 220 copies signals
outputted from the subcarrier allocator 210 as many times as
the number of the antenna, and then 1t outputs the copied
signals. The downlink beamforming apparatus 220 includes a
buffer for storing the beamforming weight value by each
antenna and subcarrier, wherein the beamforming weight
value 1s obtained from uplink channel information. In addi-
tion, the downlink beamforming apparatus 220 divides users
of subcarriers allocated by the subcarrier allocator 210, and
obtains the beamforming weight value of the subcarriers by
referring to the beamforming weight value stored at the butier
corresponding to the divided users, and outputs the copied
signals multiplied by the calculated beamiforming weight
value.

The IFFT umt 230 recerves signals as many as the number
of the antennas outputted from the downlink beamiforming
apparatus 220, and outputs the signals by performing an IFFT
on each signal i serial sequence.

The downlink beamii

orming apparatus 220 includes a sub-
carrier based user identifier 221, a beamforming weight
butiler 223, an interpolator 225, a signal reproducer 227 and
complex multipliers 229-1, 229-2, 229-3 and 229-4.

When subcarrier allocator 210 allocates subcarriers to the
downlink corresponding to a target section of an adaptive
array system, the subcarrier based user identifier 221 receives
information for subcarriers differently allocated by each user,
stores the mformation 1n dividing users by each subcarrier,
and outputs the information.

As shown 1n FIG. 3, the beamforming weight builer 223
obtains channel information by each antenna on the uplink,
and stores the beamforming weight value by each antenna and
subcarrier aiter obtaining the beamforming weight value by
cach subcarrier rather than by each user, and outputs the
beamforming weight value corresponding to two subcarriers
that are adjacent to the subcarrier of the user outputted from
the subcarrier based user identifier 221.

The interpolator 225 performs an interpolation method for
two beamiorming weight values outputted from the beam-
forming weight butier 223, and then outputs the beamiorm-
ing weight value by each antenna.

The signal reproducer 227 copies signals outputted from
the subcarrier allocator 210 as many times as the number of
the antennas, and then outputs the copied signals. Specifi-
cally, since four transmitting antennas are used according to
the exemplary embodiment of the present invention, four
copied signals are outputted by the signal reproducer 227.

The complex multipliers 229-1, 229-2, 229-3 and 229-4
multiply four signals outputted from the signal reproducer
227 by the beamforming weight values outputted from the

interpolator 225, and then output the multiplication results to
the IFFT unit 230.

When the weight value by each user 1s obtained before
allocating the subcarrier, the subcarrier based user 1dentifier
221 1s not necessary 1n the transmitting apparatus. However,
the transmitting apparatus without the subcarrier based user
identifier may have a drawback 1n that the buffer required for
allocating the subcarrier 1s necessary for each antenna.
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6

Accordingly, the subcarrier based user 1dentifier 221 stores
information regarding the users corresponding to the subcar-
riers by each user allocated to the corresponding frame, and
the subcarrier based user 1dentifier 221 reads the users corre-
sponding to the order of the subcarriers, and an input end of
the IFFT unit 230 determines the location for the subcarrier of
the channel sounding regarding the users. Information about
how the channel sounding subcarrier 1s allocated by each user
can be known by control information received from the upper
layer.

Subsequently, the beamiforming weight buffer 223 reads
the beamforming weight values corresponding to two subcar-
riers that are most adjacent to the subcarrier of which the
beamiorming weight value needs to be determined by the
input end of the IFFT unit 230, and the interpolator 225
performs the interpolation by using those two beamiforming
weilght values. Such processes in the beamforming weight
builer 223 and the interpolator 225 are performed during one
sample period for the input subcarrier of the IFFT unit 230,
and the beamforming weight value obtained 1n delaying one
sample period and the output of the signal reproducer 227 are
multiplied 1n each sample period.

Two carriers are necessary for the imterpolation 1n order to
perform the first interpolation between the beamforming
weilght values. The first Gaussian mterpolation 1s performed
according to the exemplary embodiment of the present mven-
tion.

In addition, the IFFT unit 230 according to the exemplary
embodiment of the present invention processes data 1n serial
sequence. Particularly, the IFFT umt 230 processes results
that are multiplied by the beamforming weight value by each
antenna through the complex multipliers 229-1, 229-2,229-3
and 229-4. Since the transmitting apparatus according to the
exemplary embodiment of the present immvention has four
antennas, the transmitting apparatus can be designed by using
only four complex multipliers 229-1, 229-2,229-3 and 229-4
regardless of whether the size of the IFFT unit 230 1s
increased.

According to the exemplary embodiment of the present
invention, the size of the buller can be reduced because the
beamiorming weight value 1s obtained 1n the uplink by each
antenna regardless of each user while the beamiforming
weight value 1s determined 1n the uplink channel information
by each antenna and user, and because the downlink beam-
forming apparatus 220 obtains the beamiorming weight value
by each user so as to be applied by each antenna.

In addition, since search and control processes for the
beamiorming weight value of the subcarrier by each user are
performed only 1n the section for multiplying the weight
value for downlink beamforming, namely, the process for
obtaining the beamiorming weight value of the subcarrier by
cach user 1n the uplink 1s omitted, the control process for the
beamiorming weight value 1s simplified.

In addition, since the beam pattern 1s created 1n the down-
link beamforming apparatus of the base station by using the
beamiorming weight value by each user, hardware complex-
ity of the downlink beamforming apparatus 1s minimized by
reducing the size of the butter, and power consumption is also
reduced.

The downlink beamforming apparatus according to the
exemplary embodiment of the present invention can be
applied to the design for the downlink transmitting apparatus
of the OFDMA system because 1t 1s directly applied thereto
during obtaining the beamiorming weight value by each user
at the front terminal of the downlink IFFT unat.

As those skilled in the art would realize, the described
embodiments may be modified 1n various different manners,
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all without departing from the spirit or scope of the present
invention. Accordingly, the foregoing drawings and descrip-
tion are to be regarded as 1llustrative in nature and not restric-
tive.

While this invention has been described 1n connection with
what 1s presently considered to be preferred embodiments, it
1s to be understood that the invention 1s not limited thereto,
but, on the contrary, 1s mntended to cover various modifica-
tions and equivalent arrangements imncluded within the spirit
and scope of the appended claims.

What 1s claimed 1s:

1. A downlink beamforming apparatus ol an orthogonal
frequency division multiplex access system, the downlink
beamforming apparatus comprising:

a subcarrier based user 1dentifier for dividing subcarriers

according to users;

a beamforming weight buffer for storing and outputting
first beamforming weights for the subcarriers by each of
a plurality of transmitting antennas;

an 1nterpolator for outputting second beamiorming
weights for each transmitting antenna by interpolating
the first beamforming weights outputted by the beam-
forming weight builer;

a signal reproducer for making at least one copy of a signal
to reproduce the signal for each transmitting antenna,
wherein the subcarriers are allocated to the signal by
each user; and

a complex multiplier for multiplying the signal for each
transmitting antenna reproduced by the signal repro-
ducer by the second beamforming weights for each
transmitting antenna outputted from the interpolator.

2. The downlink beamiforming apparatus of claim 1,
wherein a subcarrier based user identifier divides the subcar-
riers according to the users based on mnformation used for
allocating the subcarriers to a transmitting signal by each
user.

3. The downlink beamiforming apparatus of claim 1,
wherein the beamiorming weight butier stores the first beam-
forming weights based on channel information obtained from
a recerved uplink signal.

4. The downlink beamiforming apparatus of claim 1,
wherein the beamforming weight buifer outputs first beam-
forming weights corresponding to two subcarriers that are
adjacent to a subcarrier of a user outputted from the subcarrier
based user 1dentifier, and
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the interpolator outputs at least one of the second beam-
forming weights for each transmitting antenna by inter-
polating the two first beamforming weights stored by the
beamforming weight butfer.

5. The downlink beamiforming apparatus of claim 1,
wherein the interpolation 1s performed by a first Gaussian
interpolation between two beamiorming weight values out-
putted from the beamforming weight butier.

6. The downlink beamforming apparatus of claim 1,
wherein a size of the beamiorming weight builer 1s deter-
mined by the following Equation,

KxN_ x2xN

1ised

wherein K denotes a word length of uplink channel infor-
mation, N _ denotes a number of users, and N ___ . denotes
a number of subcarriers used 1n one symbol.

7. A downlink beamforming method of an orthogonal fre-
quency division multiplex access system, the downlink trans-
mitting method comprising:

allocating subcarriers to a first transmitting signal by each

user;

storing first beamforming weights for the subcarriers by

cach of a plurality of transmitting antennas;
identifying users to which the subcarriers are allocated,
obtaining second beamiforming weights for the allocated
subcarriers from the first beamforming weights corre-
sponding to the identified users; and
multiplying the second beamforming weights by second
transmitting signals for the transmitting antennas;
comprising making at least one copy of the first transmit-
ting signal to reproduce the second transmitting signals.
8. The downlink beamforming method of claim 7, wherein
the second beamiorming weights are obtained by each trans-
mitting antenna aiter interpolating the first beamforming,
weilghts.
9. The downlink beamforming method of claim 7, wherein
the obtaiming the second beamiorming weights further com-
Prises:
outputting first beamiforming weights corresponding to at
least two subcarriers that are adjacent to at least one
subcarrier of at least one of the 1dentified users; and

interpolating at least one of the second beamforming
welghts for each transmitting antenna by interpolating
the at least two first beamforming weights.

% o *H % x
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